Background: In our previous dose-escalation study, we uncovered the maximum tolerated dose (MTD) of weekly irinotecan was escalated to 80 mg/m 2 and 65 mg/m 2 for UDP glucuronosyltransferase family 1 member A1 (UGT1A1) *1*1 and *1*28 rectal cancer patients in neoadjuvant chemoradiotherapy (nCRT). This is an expansion study for *1*1 patients. Methods: Patients with clinical stage T3-4, N0-2 rectal cancer eligible for preoperative chemoradiotherapy were screened for the UGT1A1*28 genotype. A total of 52 patients with the *1*1 genotype were enrolled. Whole-pelvic intensity-modulated radiation therapy was given in 50 Gy/25 fractions. Concurrently, irinotecan of 80 mg/m 2 and capecitabine of 625 mg/m 2 twice daily from Monday to Friday were administered weekly. Primary endpoint was toxicities; secondary endpoints included pathological complete response (pCR), tumour-regression grading, treatment compliance, overall survival, local recurrence and disease-free survival. Results: All patients completed capecitabine-based radiotherapy as scheduled, and 42 (81%) patients completed more than three cycles of weekly irinotecan. Overall, grade 3/4 toxicities were observed in 20 cases, including 11 leucopenia, 10 neutropenia and 12 diarrhoea. Fortythree patients (83%) underwent a radical surgery, and 12 were evaluated as pCR. Another four patients accepted a watch-and-wait strategy because of clinical complete response (CCR). Conclusions: Our data demonstrated manageable toxicities and an encouraging CCR rate for UGT1A1 *1*1 genotype in an enhanced neoadjuvant therapy. A phase III trial is ongoing to evaluate the value of irinotecan in neoadjuvant therapy (CinClare) [ClinicalTrials.gov identifier: NCT02605265].
Introduction
Neoadjuvant chemoradiotherapy (nCRT) followed by total mesorectal excision (TME) is the standard treatment for locally advanced rectal cancer (LARC). nCRT is usually associated with high rates of sphincter preservation and local control, but distant metastasis is still a common failure form. Therefore, it needs to be determined whether the integration of newer, more active chemotherapy or molecular targeted agents can significantly improve the clinical outcomes of LARC.
As an effective agent, irinotecan was investigated in recent studies in the nCRT setting. Some studies with a small sample size reported pathological complete response (pCR) rates ranging from 10% to 35% with a weekly irinotecan dose of 50-60 mg/m 2 in combination with fluoropyrimidine (FU)-based CRT. The Radiation Oncology Group (RTOG) 0247 trial compared capecitabine plus irinotecan with capecitabine plus oxaliplatin while combined with pelvic radiotherapy and demonstrated no differences in tumour downstaging or toxicities between the two groups. Interestingly, inconsistent results were observed in both short-term and long-term outcomes. Irinotecan demonstrated a poorer pCR but a better long-term survival. Therefore, the authors suggested the need for further study on irinotecan. 1, 2 The UGT1A1 gene is located on chromosome 2, and it encodes a protein that modifies hepatic bilirubin to allow its excretion. Single-nucleotide polymorphisms that reduce the activity of the UGT1A1 gene therefore tend to increase serum bilirubin levels. UGT1A1*1 [rs8175347, (TA) 6TAA] is the wild-type allele and is associated with normal enzyme activity. One particular variation in the promoter region of this gene is known as the UGT1A1*28 variant [rs8175347, (TA)7TAA]. The UGT1A1*28 allele had aroused some attention, which reduced UGT1A1-mediated inactivation of SN-38, the active metabolite of irinotecan, which is associated with the risk of myelosuppression and severe diarrhoea. [3] [4] [5] [6] [7] In two dose-escalation phase I trials, the maximum tolerated dose (MTD) of irinotecan in the FOLFIRI regimen could be significantly increased based on the UGT1A1*28 genotype. 8, 9 Our previous phase I study also tested a new approach for concurrent nCRT in the era of genomic medicine, and used the UGT1A1*28 genotype to guide the escalation of the weekly irinotecan dose in patients with LARC. 10 The MTD of weekly irinotecan was escalated to 80 mg/m 2 in *1*1 genotype and 65 mg/m 2 in *1*28 genotype in combination with capecitabine and pelvic intensity-modulated radiation therapy (IMRT) of 50 Gy/25 fractions. This is the expansion phase for patients with the *1*1 allele, the most common genotype of UGT1A1*28. The aim is to further identify effect and safety for the recommended dose of weekly irinotecan for rectal cancer patients with UGT1A1*1*28.
Materials and methods

Eligibility criteria
Patients with histologically confirmed, locally advanced rectal adenocarcinoma (cT3/4 or N+, M0) located within 12 cm of the anal verge were screened for UGT1A1*28 genotype. The eligibility criteria included the UGT1A1 *1*1 genotype, age 18-75 years, Karnofsky Performance status ⩾ 60, adequate bone marrow function (leucocyte count > 4000/ml, platelet count > 100,000/ml), adequate hepatic function [alanine aminotransferase (ALT) and aspartate aminotransferase (AST) levels no more than twice the upper limit of normal] and adequate renal function (creatinine clearance > 50 ml/min).
Patients were excluded if they harboured the *1*28 or *28*28 allele, were previously diagnosed with other malignant tumours, had received pelvic radiotherapy (RT) or systemic chemotherapy, or had malabsorption syndrome, inflammatory bowel disease, ischaemic heart disease or any other condition not suitable for CRT.
Baseline evaluation
Evaluation was performed within 2 weeks before treatment. Baseline evaluation included a complete history, physical examination (digital rectal examination and other necessary examinations), complete blood count, hepatic and renal functional analysis, tumour marker measurement, colonoscopy and biopsy, computed tomography (CT) of the thorax and abdomen, high-resolution magnetic resonance imaging (MRI) of the pelvis. Pelvic MRI was used to establish the pretreatment staging.
UGT1A1 genotyping assay
Patients enrolled in this study were screened for UGT1A1 genotypes. Blood samples were collected using DNA extraction kits (QIAamp DNA Blood Midi Kit, QIAGEN Co., Ltd.). The forward primer 5′-TCCCTGCTACCTTTGTGGAC-3′ and the reverse primer 5′-AGCAGGCCCAGGACAA GT-3′ were used for pCR, which was performed in a 25 µl volume containing 2.5 µl 15 mmol/l Mg2+, 2 µl 2.5 mmol/l deoxynucleoside triphosphate, 0.2 µl 5 U Taq polymerase and 30 ng deoxyribonucleic acid (DNA). The amplification reaction was run for 40 cycles. Genotypes were assigned based on the number of T-A repeats in each allele.
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Concurrent chemoradiotherapy
IMRT was delivered with a linear accelerator using 6-MeV photons and five to seven coplanar fields. All patients received a CT scan in the treatment position (supine or prone position), with 5 mm slices from the L3-L4 junction to 2 cm below the perineum. The clinical target volume (CTV) included the entire mesorectum (perirectal fascia), presacral space, the internal iliac lymph nodes and high-risk anatomical and nodal subsites, based on the distance of the tumour from the anal margin. Based on our institution setup data, the planning target volume was defined as the CTV with 10 mm margins superiorly and inferiorly and 8 mm margins in all other directions. A total irradiation dose of 50 Gy was given in daily fractions of 2.0 Gy, 5 days per week. The positioning and isocentre of each patient were verified on electronic portal imaging device films for the anterior and lateral gantry positions by visually comparing the digitally reconstructed radiographs. Before starting irinotecan, patients were pretreated with standard doses of atropine, dexamethasone and 5-HT3 receptor antagonist. Diarrhoea was promptly treated with 4 mg loperamide at the onset and then with 2 mg every 2 h until the patient was diarrhoea free for at least 12 h. G-CSF (granulocyte colony-stimulating factor) were given to treat ⩾ grade 2 leucopenia/neutropenia events.
Surgery and pathology
At 2 weeks after the completion of CRT, one cycle of XELIRI (irinotecan 200 mg/m 2 on day 1 and capecitabine 1000 mg/m 2 b.i.d. day 1-14) was administered. A mandatory TME was scheduled 8 weeks after the completion of CRT, whereas the surgery type (anterior resection or abdominal-perineal resection) and whether a temporary colostomy was necessary were decided by the surgeon. All resected lymph nodes were examined according to standard procedures. If the number of lymph nodes was less than 12, two pathologists came to a consensus to ensure reliability of the detection result. pCR was defined as the absence of tumour cells in the surgical specimen both at the primary tumour site and at regional lymph nodes. The pathologic stage and tumour-regression grading (TRG) were evaluated according to the criteria of the American Joint Committee on Cancer (AJCC). 11 Toxicity and measurement Blood counts were determined twice weekly during nCRT. Tumour marker measurements and renal and hepatic functional tests were performed before and after treatment or as needed. Patients were questioned regarding changes in appetite, mucositis, malaise, vomiting, nausea and diarrhoea.
Toxicities were evaluated and recorded on a weekly basis according to the National Cancer Institute Common Toxicity Criteria (CTCAE 4.0). If grade 3 toxicities occurred, the physicians determined causes and decided on the response. Patients with nonhaematologic grade 3-4 toxicity or haematologic grade 4 toxicity could continue a lower dose of irinotecan, as decided by physicians, without changing the dose of capecitabine. Capecitabine and irinotecan could be discontinued based on patients' refusal to continue treatment, physician assessment, intolerable side effects and disease progression. If the patient experienced a severe or persistent adverse event related to radiation, the RT schedule was interrupted or modified. RT was withheld until the related adverse events were resolved to grade 0 or 1.
Follow up
All patients were recommended to receive postoperative chemotherapy regardless of pathological result. A total of six cycles of capecitabine-based chemotherapy were recommended during the perioperative period.
Patient follow up was scheduled every 3 months during the first 2 years, and then every 6 months over the next 3 years. After 5 years, the frequency of follow up was extended to once each year.
Endpoints and statistics
The primary objective of this study was to identify the rate of grade ⩾ 3 toxicities. Secondary endpoints included pCR, TRG, treatment compliance, overall survival (OS), local recurrence and disease-free survival (DFS). DFS was defined as the time from the date of radical surgery to the date of a first relapse, the diagnosis of a secondary cancer after the initial diagnosis, or death from any cause, whichever occurred first. Patients without surgery were not included in the DFS analysis.
The sample size consideration was based on the grade ⩾ 3 toxicities. With 53 analysable patients, we had 90% power to reject the null hypothesis that the true toxicity rate was less than 30% with a type I error level of 5% if the number of patients with grade ⩾ 3 toxicities was 22 or more.
All characteristics were described by the frequency for categorical variables, by mean and standard deviations for normal distributional continuous data, and by the median for non-normal distributional continuous data. Survival curves were estimated using the Kaplan-Meier method and compared with Log-rank test.
The study was performed according to the Declaration of Helsinki, and the protocol was reviewed and approved by the local ethical institutional review board (Fudan University Shanghai Cancer Centre). All patients provided written informed consent before being enrolled into this trial [ClinicalTrials.gov identifier: NCT01474187].
Results
Patient characteristics
Between June 2012 and July 2015, 53 patients were enrolled in this expansion study. One patient withdrew the informed consent without any treatment. Thus, 52 cases were analysed finally. The patient characteristics are listed in Table 1 : 31 of the patients were male and 21 were female, the median age was 57.5 years (range from 24 to 69 years). Fifty patients (96.2%) were diagnosed with cT3-4 and 50 patients had positive lymph nodes. Furthermore, 20 cases demonstrated a positive mesorectal fascia (MRF) status. The median distance from the anal verge was 4.8 cm (range 1.6-11cm). Elevated baseline carcinoembryonic antigen and CA19-9 were observed in 34.6% and 30.8% cases, respectively.
Treatment and toxicities
Fifty-two patients completed a full dose of radiotherapy and concurrent capecitabine. When it came to irinotecan, 11 patients received 5 cycles of weekly irinotecan, and 21, 10, 7 and 3 cases received 4, 3, 2 and 1 cycles of weekly irinotecan during the course of CRT, respectively. The CONSORT flow diagram is listed in Figure 2 .
Overall, grade 3/4 toxicities were observed in 20 cases (38.5%), including 11 leucopenia, 10 neutropenia and 12 diarrhoea ( 
Discussion
This is an expansion study following a previous dose-escalation trial. A total of 52 patients with UGT1A1*1*1 genotype were enrolled in this study. Our data demonstrate an encouraging tumour regression with acceptable acute toxicities. During the course of nCRT, overall grade 3/4 toxicities were observed in 20 cases (38.5%), including 11 leucopenia, 10 neutropenia and 12 diarrhoea. When it came to tumour regression, 12 out of 43 patients who underwent a TME surgery were evaluated as pCR. In addition, another four cases received a watch-and-wait strategy because of clinical complete response. Therefore, the total complete response (CR) rate should be 30.8%, comprising pCR and CCR.
Several previous studies with small sample sizes have tested the dose and effectiveness of irinotecan for nCRT 1,2,13-18 (Table 4) . Although the weekly dose of irinotecan was set at a low value of 50 mg/m 2 concurrently with FU-based CRT in most early studies with small sample sizes, encouraging pCR rates ranging from 10% to 35% have been observed. The RTOG 0247 trial was a head-to-head phase II study comparing oxaliplatin and irinotecan in an FU-based nCRT setting. In order to control the overall toxicities during the course of CRT, the weekly doses of irinotecan and capecitabine were significantly reduced in the irinotecan arm. The preliminary results showed similar toxicities and tumour downstaging between the two arms, although a lower rate of pCR was observed in the irinotecan arm (10% versus 21%). Interestingly, after a median 4-year follow-up period, the irinotecan group demonstrated a higher OS and DFS than the oxaliplatin group. 1,2 These inconsistent results suggest the presence of an unknown mechanism of action of irinotecan in combination with CRT, which warrants further study.
Recently, a series of preclinical and clinical studies have shown that the UGT1A1 genotype is associated with the risk of severe toxicities to irinotecan and can guide the dose of irinotecan. 3, 6, 7 The UGT1A1*28 allele can reduce the inactivation of SN-38, which is the active metabolite of irinotecan, and thus increase the risk of grade 3-4 irinotecan-related toxicities. 19 Two phase I trials sought to escalate the dose of irinotecan in the FOLFIRI regimen in metastatic colorectal cancer patients stratified by the UGT1A1 genotype. 8, 9 The MTD of irinotecan in the FOLFIRI regimen was escalated nearly twofold in patients with the *1*1 genotype. However, in a subsequent phase II study, although high-dose FOLFIRI plus bevacizumab achieved an expected overall response rate in UGT1A1 *1*1 and *1*28 patients, it was stopped at the interim analysis because the number of unacceptable toxicities was higher than the number defined in the stopping rules in the statistical analysis plan (⩾20%). 20 It suggested that the escalated irinotecan dose required more evidence for validation.
In nCRT, we deduced that an escalated dose of irinotecan guided by the UGT1A1*28 genotype might increase tumour response, too, and designed this dose-escalation study. The data showed that 80 mg/m 2 and 65 mg/m 2 of weekly irinotecan were the MTDs for the UGT1A1 *1*1 and *1*28 groups, respectively. 10 On account of the MTD small sample-size result not being stable enough, we started this expansion phase to recruit additional 52 cases with *1*1 genotype.
However, our study had some limitations. First, only patients with UGT1A1 *1*1 genotype were enrolled in this expansion study. Patients with *1*28 genotype were excluded because of a low accruing speed. In the report by Liu et al., UGT1A1*1*28 was identified in around 20% of Asian cases, which is significantly lower than that in Western population. 21 Second, the true incidence of haematologic toxicity might be underestimated because 76.9% enrolled patients received G-CSF during the course of CRT. Furthermore, the frequent use of G-CSF led to a delay of weekly chemotherapy, which is partly the reason for only 21% patients completing five cycles of weekly irinotecan as planned. Third, according to the concurrent guideline, irinotecan was not recommended in adjuvant chemotherapy based on three phase III trials; [22] [23] [24] however, it is not clear how to determine the chemotherapy regimen for those patients who had a good response to irinotecan-based nCRT. Thus, further studies are necessary to optimize the postoperative chemotherapy regimen in future.
With encouraging clinical outcomes from this study, a phase III multicentre trial is ongoing to validate the benefit of irinotecan in an nCRT setting guided by the UGT1A1 genotype (CinClare). 25 Together with the ARISTOTLE study, the other UK phase III trial using irinotecan-based nCRT, we believe that our study will provide strong evidence to guide future treatment decisions.
In conclusion, our data demonstrated manageable toxicities and an encouraging CR rate in patients with the UGT1A1 *1*1 genotype. Thus, irinotecan warrants more attention in nCRT.
